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(57) A method and apparatus for reducing noise
and motion artifacts in pixels of a processed or dis-
played video image by filtering pixel values of the video
image based on a first frame having currently stored (fil-
tered) pixel values and a second frame having recently
captured but not yet filtered pixel values. The apparatus
includes a spatial filter for computing a motion value of
a pixel of interest by averaging difference values of
selected pixels surrounding the pixel of interest. Also

Method and apparatus for reducing motion artifacts and noise in video image processing

included is a filter function means for producing an out-
put difference value of the pixel of interest based on the
motion value and an adder for adding the output differ-
ence value to the first frame filtered pixel value of the
pixel of interest. Thus, each pixel of the video image is
filtered according to the amount of motion in the video
image.
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Description

BACKGROUND OF THE INVENTION

1. The Field of the Invention.

[0001] This invention relates generally to reducing
motion artifacts and noise in video image processing,
and more particularly, to a method and apparatus by
which video images are filtered on a per pixel basis over
time, from frame to frame.

2. The Background Art.

[0002] It is known in the art to reduce noise in video
images by filtering digital data (that represents each
frame of the video images) with a temporal filter (also
known as a "recursive filter"). A temporal filter can be
realized through hardware or software, with hardware
realizations commonly implementing multiplier or a look
up table for holding the data representative of the gain
coefficients of pixel difference values. Pixel difference
values are the difference between a pixel value from
one frame to the next, the pixel value being a set of bits
from the digital data of one frame. A temporal filter per-
forms noise reduction by operating on each single pixel
in the frame or array, storing pixel values of each single
pixel for each video frame over time, determining the dif-
ference between a pixel value of the pixel in the current
or incoming frame and the pixel value of the pixel in the
immediately previous or filtered fame, adding a portion
of this difference value to the pixel value (dependent on
the filter or gain coefficients) to the pixel value of the
immediately previous or filtered frame to obtain a new
filtered pixel value for each pixel in the frame, storing
and displaying or outputting the new pixel value. The
amount of the difference value added to the pixel value
of the immediately previous frame is a fractional part of
the difference value and is determined through operator
choice. For example, an operator could select four
frames of averaging which would cause the amount
added to the pixel value of the immediately previous
frame to be 0.25 (or 1/4) of the difference value. If an
operator selects eight frames of averaging that would
cause the amount added to the pixel value of the imme-
diately previous frame to be 0.124 (or 1/8) of the differ-
ence value. Thus, the greater the averaging level
applied, the smaller fraction of the difference value is
added to the previous pixel value. In other words, tem-
poral filtering is a running average of the incoming pixel
values.

[0003] The drawback of simple temporal filters is
that they are unable to distinguish between noise and
motion in a live image, so filtering occurs whether the
changes in pixel difference values are caused by unde-
sirable noise or acceptable motion. When averaging
occurs for pixel difference values created as a result of
motion, the filtered video image has a smearing or blur-
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ring where the motion occurs. Thus, in an effort to
reduce noise, temporal filters undesirably reduce the
clarity of moving images.

[0004] In view off the foregoing, it would be desira-
ble to provide a filter that adjusts the amount of filtering
according to the amount of motion in the video image.

OBJECTS AND SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to pro-
vide a method and apparatus for obtaining improved
video images with reduced motion artifacts and reduced
noise.

[0006] It is another object of the invention to provide
a method and apparatus for decreasing the amount an
image is filtered when the image is moving or a portion
of the image is moving. Reducing the temporal filtering
when the image is moving reduces the smearing or blur-
ring in the moving portion of the image and maintains
good noise filtering of the non-moving portion of the
image.

[0007] Itis another object of the invention to provide
such a method and apparatus for maximizing filtering of
noise from stationary images or portions of an image.
[0008] The above objects and others not specifi-
cally recited are realized through a method and appara-
tus for reducing noise in pixels of a displayed video
image by filtering pixel values of the pixels of the video
image based on a first frame having currently filtered
pixel values and a second frame having recently cap-
tured but not yet filtered pixel values. One illustrative
method includes the steps of:

(a) storing in memory digital data representing the
filtered value or (after the first cycle) filtered values
of the image for each pixel in the frame, each pixel
having a pixel value represented by a set of bits of
the digital data;

(b) capturing digital data representing values of the
image for each pixel in the second or subsequent
frames, each pixel having an unfiltered pixel value
represented by a set of bits of the digital data;

(c) selecting, based on scanning techniques, a pixel
of interest from among the pixels in the video
image;

(d) computing difference values of both (i) the
selected pixel or pixel of interest and (ii) the pixels
of a matrix or kernel surrounding the pixel of inter-
est, the difference values each being the difference
between the initial or filtered pixel value of a pixel in
the stored frame and the incoming or unfiltered
pixel value of the same pixel location in the next
frame;

(e) averaging the difference values of the pixels in
the matrix or kernel surrounding the pixel of interest
(a spatial filter) to obtain a motion value with the
noise filtered down;

(f) computing the filtering level for the pixel of inter-
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est in the frame or array, based on the amount of fil-
tering desired and according to the motion value
associated with each pixel of interest. Multiply this
filtering level times the pixel of interest value; and

(g) adding this computed pixel of interest value to
the initial or filtered value of the stored image to
become the new filtered value of the stored image.

[0009] This temporal (recursive) and motion filter
process is to be completed for each of the unfiltered
incoming pixel values of the incoming frame image.
[0010] The new filtered pixel values will then be dis-
played or output as the processed image. Thus, a new
frame of digital data representing filtered pixel values is
produced in place of the unfiltered pixel values of the
second frame. This new frame is output or displayed
and the whole process repeats for the next frame of
unfiltered pixel values.

[0011] Additional objects and advantages of the
invention will be set forth in the description which fol-
lows, and in part will be apparent from the description,
or may be learned by the practice of the present inven-
tion. The objects and advantages of the invention may
be realized and obtained by means of the instruments
and combinations particularly claimed in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other objects, features, and
advantages of the invention will become apparent from
a consideration of the following detailed description pre-
sented in connection with the accompanying drawings
in which:

FIG. 1 illustrates a block diagram of a pixel filtering
model for reducing noise and motion artifacts in
each pixel of a video image, the motion value con-
trols the filtering functions;

FIG. 2 illustrates a block diagram of a pixel filtering
model for reducing noise and motion artifacts in
each pixel of a video image the motion value also
controls the filtering functions with spatial filter val-
ues available to be used as an input to the temporal
filter, and this control is based on the motion value
control signal;

FIG. 3 shows a block diagram, for illustrative pur-
poses, of a standard model of a temporal or recur-
sive filter that is commonly available in the prior art;
FIG. 4A illustrates a graph of curves for filter func-
tions representing an example of a family of output
values of a look up table based on motion control
for noise reduction, the input is the pixel difference
value, "D" (x axis), and the output (y axis) is input
for the adder;

FIG 4B is a graph of curve selections for the control
means (x axis) vs. the motion value (y axis) to be
used to control the temporal filter transfer functions;
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FIG 4C a graph of spatial input selections for the
control means, to be used as the processed pixel
difference value (x axis) vs. motion value (y axis) to
be used as inputs to the filter functions means;

FIG. 5A illustrates a diagram of one embodiment of
a pixel matrix or kernel of the present invention,
wherein a 5 x 5 kernel is illustrated;

FIG. 5B illustrates a block diagram of one embodi-
ment of a kernel of the present invention wherein a
3 x 3 kernel is illustrated.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Reference will now be made to the drawings
in which the various elements of the present invention
will be given numeral designations and in which the
invention will be discussed so as to enable one skilled in
the art to make and use the invention. It is to be under-
stood that the following description is only exemplary of
the principles of the present invention, and should not
be viewed as narrowing the appended claims.

General Description of Invention

[0014] The present invention is a method and appa-
ratus for reducing motion artifacts and noise in video
image processing wherein the amount of filtering in a
video image in the area where there is motion depends
on the amount of motion detected in that area of the
video image.

[0015] A video image is created from a large
number of picture elements (referred to as "pixels") that
are arranged to display imaging patterns. These image
patterns can be either color or gray scale images with
the brightness and color of the pixels being represented
by digital data. Each pixel of the video image is repre-
sented by a set of bits from the digital data and each set
of bits is referred to herein as a "pixel value." A pixel
value determines the brightness and color or gray scale
of a particular pixel which can change from frame to
frame in a video image. For example, if a video image is
progressively darkening from frame to frame, a pixel in
the video image will have a different pixel value for each
frame of the video image. When the pixel value of a pixel
location in one frame is subtracted from the pixel value
of the same pixel location in another frame, a pixel dif-
ference value is obtained.

[0016] The apparatus includes a spatial filter com-
bined with a temporal filter so that a result obtained from
the filtering with the spatial filter is used to control the
amount of filtering performed by the temporal filter in a
localized area. In other words, when the spatial filter
(processed kernel data) over time (temporal data from
frame to frame) detects significant motion around the
pixel of interest, the temporal filter for that pixel (other-
wise known as a "recursive filter") passes the video
image with reduced or minimal filtering of the incoming
image for that pixel and this also reduces motion arti-
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facts. On the other hand, if the spatial filter detects very
little motion around the pixel of interest, the temporal fil-
ter is adjusted for maximum filtering of the noise for that
pixel. Thus, the amount of filtering performed by the
temporal filter is adjusted according to the amount of
motion that is detected in the video image. This process
is repeated for each pixel of the image array for each
frame of image data.

[0017] Difference values from a group of pixels (or
kernel) in the video image are used in the spatial filter to
determine a "motion value" that corresponds to the
amount of temporal filtering to be performed on the
video image. Below is a detailed description of this pro-
cedure.

Detailed Description

[0018] FIG. 1 illustrates a block diagram of a tempo-
ral pixel filtering model of a video image filter 10 for
reducing noise and motion artifacts in each pixel of each
frame in a video image. The pixel values for an incoming
image frame are represented by Xi(t) while the pixel val-
ues for an output image frame are represented by Xo(t).
Chronologically, Xi(t) represents pixels of a frame in the
video image prior to filtering and Xo(t) represents the
pixel values in the same frame after being filtered. The
symbol Xo(t-1) represents the immediately previously
displayed pixel values, i.e., the most recently stored
pixel values that were obtained from the previous filter-
ing process. When pixel values Xi(t) of a frame of the
most recently acquired values are supplied to the video
image filter 10, a subtractor 14 calculates the difference
between the pixel input values Xi(t) and the most
recently stored pixel values Xo(t-1) to obtain pixel differ-
ence values "D" for each of the pixels in the input frame
of the video image. A spatial filter 18 then spatially filters
these difference values to obtain a motion value"M". A
control unit 22 receives the motion value and produces
a signal for controlling filter functions 26. The filter func-
tions 26 is controlled by input "A" which is selected by a
user depending on the amount of filtering desired in the
video image filter 10, and by control unit 22 based on
motion. The filter functions 26 then sends a resultant
signal value (an "output difference value") to an adder
30 for adding the resultant signal to the stored pixel val-
ues Xo(t-1) to produce output pixel values Xo(t) for cur-
rent output and to store the output pixel values in a
memory 34. This output can be displayed or used in
other processes.

[0019] FIG. 2 illustrates additional features of the
pixel filtering model of the video image filter 10. The
pixel difference values represented by "D" are used as
input to the spatial filter 18 and the filter functions 26.
When large amounts of motion are present, the use of
the pixel difference value with small filtering coefficients
can add unwanted noise to the output. FIG. 2 shows
that these difference values are routed through and
mixed with the spatial filtered motion values, in the
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weighted averaging unit 38. The motion value "M" is
produced by the spatial filter 18 when the spatial filter
averages the difference values of pixels in the kernel (or
the pixel of interest). This motion value "M" is then used
as input to both the control unit 22 and the weighted
averaging unit 38. The weighted averaging unit 38
selects different ratios of the inputs from the control sig-
nals and based on the motion value "M" and the differ-
ence value "D" to calculate inputs to the filter functions
26. The control takes a weighted average of the differ-
ence values and the motion value which includes (i) the
average of the difference values surrounding the pixel of
interest (or motion value "M"), (ii) the difference value of
the pixel of interest, and (iii) a value that is some ratio or
combination of (i) and (ii). The weighted averaging unit
helps avoid adding unwanted noise to the output by
adjusting pixel difference values with small filtering coef-
ficients when large amounts of motion are present.
[0020] FIG. 2 shows the control unit 22 receiving
the motion value "M" from the spatial filter 18 to deter-
mine control signals to be sent to the weighted averag-
ing unit 38 and to filter functions 26. Some of the control
signals cause the weighted averaging unit 38 to select
(through a look up table and multiplexor) a mix of the
signals produced from the "D" and "M" inputs and
allows the weighted averaging unit signal to be sent to
the filter functions 26. The filter functions' 26 signal out-
put is based on the mix of data from the spatial filter sig-
nal, an input signal from the control unit based on
motion "M" and the user defined input "A". These input
signals to the filter functions 26 are used to produce the
output value of the temporal and spatial filter for each
pixel of the array. Thus, FIG. 2 illustrates in greater
detail how the difference values "D" and spatial informa-
tion "M" are used to control the temporal filter to reduce
both noise and motion artifacts.

[0021] FIG. 3 shows a block diagram of a temporal
filter 110 of the prior art to assist in the understanding of
the present invention. FIG. 3 shows pixel value input
signals Xi(t) from the current frame, pixel value output
signals Xo(t) from the current frame, and stored pixel
values from an immediately previously displayed frame
Xo(t-1). In the temporal filter, a subtractor 114 takes the
difference between Xi(t) and Xo(t-1) and feeds these dif-
ference values to a multiplier or look up table 118. The
multiplier 118 multiplies the difference values by an
amount "A" which is selected by a user. The output of
the multiplier is then sent to an adder 122 where it is
added to the previously displayed pixel values Xo(t-1) to
obtain the output pixel values Xo(t). A typical function of
the prior art temporal filter can be illustrated by the fol-
lowing formula (using the symbols from FIG. 3 as
described above):

Xo(t) = A[Xi(t)-Xo(t-1)] + Xo(t-1)

As explained in relation to FIGS. 1 and 2, the present
invention provides that the signal that is added to the
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pixel values of the previously displayed frame Xo(t-1)
differs according to the amount of motion in the video
image. In other words, the present invention modifies
the temporal filter 110 of FIG. 3 by adding hardware to
control both the difference values and the user input "A"
that is sent to the multiplier 118. The added controls
increase or decrease the temporal filtering as the
motion value "M" changes.

[0022] The data values used by the control and filter
function are developed through test and experimenta-
tion to optimize the process. They are non-linear equa-
tions and control information. An example of one form of
the information is found in the Figures 4A, 4B, and 4C.
FIG. 4A is a family of curves, each curve with different
amounts of filtering to be used on the individual pixel dif-
ferences. FIG. 4B is a set of control outputs where dif-
ferent filtering levels (FIG. 4A) are selected between
based on the amount of motion around the pixel. FIG.
4C is another set of control outputs where different
ratios of pixel change or delta vs. spatial filtered pixel
change and spatial filter size are selected from for use
in the filter functions.

[0023] Referring again to FIG. 1 or 2, the motion
value "M" of the present invention is calculated based
on a group of difference values surrounding and includ-
ing a pixel of interest. This group of pixels or kernel is
used in the spatial filter to produce the motion value "M".
FIGS. 5A and 5B illustrate two different kernels of differ-
ent sizes, i.e., 5 x 5 and 3 x 3, respectively. Each kernel
represents pixels in which the pixel difference values for
a pixel of interest and the selected pixels surrounding
the pixel of interest are stored. For example, FIG. 5A
shows pixels k1, k2, k3, etc., wherein the spatial filter 18
(see FIGS. 1 and 2) calculates an average of the pixel
difference values for pixels surrounding a pixel of inter-
est x(n) to produce the motion value "M".

[0024] With the apparatus of FIG. 2, each pixel of a
video frame is filtered using a scanning technique, i.e.,
the pixels are filtered in order. The method for reducing
noise in pixels to be displayed as a video image is
accomplished by the following steps:

(a) storing digital data in memory representing fil-
tered color or gray scale imaging of each pixel in a
first frame of a video image, each pixel having a fil-
tered pixel value being represented by a set of bits
of the digital data;

(b) capturing digital data representing color or gray
scale imaging of each pixel in a second frame of the
video image, each pixel having an unfiltered pixel
value being represented by a set of bits of the dig-
ital data;

(c) selecting, based on scanning techniques, a pixel
of interest from among the pixels in the video
image;

(d) computing difference values of the pixel of inter-
est and of pixels surrounding the pixel of interest,
the difference values each being the difference
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between the pixel value of a pixel in the first frame
and the pixel value of the same pixel in the second
frame;

(e) averaging the difference values of the pixels sur-
rounding the pixel of interest to obtain a motion
value; and

(f) temporally filtering the pixel value of the pixel of
interest according to the motion value.

[0025] Steps (c), (d), (e), and (f) are then repeated
for each pixel of the second frame to produce a new
frame of displayed pixel data.

[0026] As shown in FIG. 2, step (f) can also include
taking a weighted average of the difference values and
the motion value which includes (i) obtaining the aver-
age of the difference values surrounding the pixel of
interest, (ii) calculating the difference value of the pixel
of interest, and (iii) calculating a value that is some com-
bination of (i) and (ii).

[0027] It is to be understood that the above-
described arrangements are only illustrative of the
application of the principles of the present invention.
Numerous modifications and alternative arrangements
may be devised by those skilled in the art without
departing from the spirit and scope of the present inven-
tion and the appended claims are intended to cover
such modifications and arrangements.

Claims

1. Apparatus for reducing noise and motion artifacts in
pixels of a currently output, displayed or processed
video image by filtering pixel values of the pixels in
the video image based on a first frame of the video
image having currently filtered pixel values and a
second frame of the video image having recently
captured unfiltered pixel values, the apparatus
comprising:

a display for displaying filtered pixel values of
the video image;

a memory for storing the filtered pixel values of
the first frame of the video image, wherein the
first frame is represented by digital data and
each pixel of the first frame has a pixel value
represented by a set of bits of the digital data;
a subtractor for producing difference values by
(i) receiving the filtered pixel values of the first
frame and the unfiltered pixel values of the sec-
ond frame and (ii) computing a difference
between the filtered pixel values of the first
frame and the unfiltered pixel values of the sec-
ond frame;

a spatial filter means for computing a motion
value of a pixel of interest by averaging the dif-
ference values of selected pixels surrounding
the pixel of interest;

a filter function means for producing an output
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difference value of the pixel of interest based
on the motion value; and

an adder for adding the output difference value
to the first frame filtered pixel value of the pixel
of interest.

Apparatus of Claim 1 wherein the filter function
means comprises a multiplier or memory look up
table for multiplying the motion value of the pixel of
interest with a fractional number determined from
the motion value itself, wherein the multiplier pro-
duces the output difference value such that as the
image motion increases the filter function multiplier
decreases.

Apparatus of Claim 1 wherein the temporal filter
means comprises a look up table for producing the
output difference value based on the difference
value of the pixel at interest and the motion value of
a kernel of pixels around the pixel of interest.

Apparatus of Claim 1 wherein the selected pixels of
the spatial filter means comprise a kernel of pixel
difference values about a pixel of interest selected
from the group consisting of a 5 x 5 array of pixel
difference values and a 3 x 3 array of pixel differ-
ence values, or some other array shape optimized
for the image resolution and image type for measur-
ing localized image motion.

Apparatus of Claim 4 wherein the spatial filter
means averages the pixel difference values of pix-
els in the kernel array.

Apparatus of Claim 1 wherein the pixel of interest
comprises a pixel of the video image that is
selected based on a scanning technique.

Apparatus of Claim 1 further comprising a control
unit and a weighted averaging unit that receives a
control signal from the control unit, wherein the con-
trol signal developed by the control unit selects dif-
ferent weights and ratios of the difference value and
the motion value, both signals having been scaled
to the same relative magnitude.

Apparatus of Claim 7 wherein the weighted averag-
ing unit further comprises:

a first input for receiving the difference values
produced by the subtractor;

a second input for receiving the motion value
produced by the spatial filter means; and
circuitry for calculating inputs and ratios for the
temporal filter function means based on both
the difference value and the motion value from
the spatial filter.

10

15

20

25

30

35

40

45

50

55

9.

10.

1.

12,

13.

Apparatus of Claim 7 further comprising a filter
function unit having an input wherein the filter func-
tion unit input receives a control signal produced by
the control unit and the difference value as proc-
essed by the weighted average unit.

A method for reducing noise and motion artifacts in
pixels of a processed or displayed video image by
filtering pixel values of the pixels of the video image
based on a first frame having currently output and
filtered pixel values and a second frame having
recently captured but not yet filtered pixel values,
the method comprising the steps of:

(a) storing digital data in a memory represent-
ing the filtered color or gray scale imaging of
each pixel in the first frame, each pixel having a
filtered pixel value being represented by a set
of bits of the digital data;

(b) capturing digital data representing color or
gray scale imaging of each pixel in the second
frame, each pixel having an unfiltered pixel
value being represented by a set of bits of the
digital data;

(c) selecting, based on scanning techniques, a
pixel of interest from among the pixels in the
video image;

(d) computing difference values of both (i) the
pixel of interest and (ii) pixels surrounding the
pixel of interest, the difference values each
being the difference between the filtered pixel
value of a pixel in the first frame and the unfil-
tered pixel value of the same pixel in the sec-
ond frame;

(e) averaging the difference values of the pixels
surrounding the pixel of interest to obtain ker-
nel change or a motion value; and

(f) temporally filtering the unfiltered pixel value
of the pixel of interest according to the motion
value.

The method of claim 10 further comprising the step
of repeating steps (c), (d), (e), and (f) for each pixel
of the second frame to produce a new frame of fil-
tered, processed and displayed pixel data.

The method of Claim 10 wherein step (f) further
comprises the step of taking a weighted average of
the difference values and the motion value.

The method of Claim 12 wherein taking the
weighted average includes (i) obtaining the average
of the difference values surrounding the pixel of
interest, (i) calculating the difference value of the
pixel of interest, and (iii) calculating a value that is
some combination of (i) and (ii), whereby a control
signal, based on the motion value, selects one of
the above signals for performing the recursive filter-
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ing.

The method of Claim 10 wherein step (f) further
comprises the steps of producing an output differ-
ence value of the pixel of interest and adding the
output difference value to the first frame filtered
pixel value of the pixel of interest.

The method of Claim 14 wherein the step of pro-
ducing the output difference value comprises the
steps of:

creating a look up table having tabulated data
that corresponds to output difference values
relating to a range of different motion values;
acquiring the motion value as input to the look
up table; and

producing the output difference value from the
look up table according to the input motion
value.

The method of Claim 14 wherein the step of pro-
ducing an output difference value comprises the
step of selecting the difference value of the pixel of
interest.

The method of Claim 14 wherein the step of pro-
ducing an output difference value comprises the
step of selecting the average difference value of the
pixels surrounding the pixel of interest.

The method of Claim 14 wherein the step of pro-
ducing an output difference value comprises the
step of calculating a value based on a combination
of the difference value of the pixel of interest and
the average difference value of the pixels surround-
ing the pixel of interest.
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